The measure of attitudes towards mathematics is a valuable area within the so-called affective domain in mathematics due to the number of investigations and the extension of their relations. However, most of the instruments currently available to measure these attitudes are validated by not overly robust psychometric procedures and, sometimes, in not very large samples. Using a sample of 4,807 students of all the non-university levels and following both the classical test theory, structural equation models (measurement models), and the proposal of the item response theory (graded response model), a solid and robust instrument to measure attitudes towards mathematics is presented, with contrasted evidence of validity and reliability.
Introduction
The works of McLeod (1988 McLeod ( , 1992 on affect in mathematics are an inflection point in the research in which, till this time, rational and cognitive aspects were predominant. In one of his works (McLeod, 1988) which, in a sense, marks the beginning of concern with emotions and feelings in mathematics, he established a distinction -now classical-between attitudes, beliefs, and emotions as the components of what is now known as the affective domain in mathematics. Among these components, attitudes have played a predominant role in mathematical education due to the number of investigations they have generated. Gil, Blanco, and Guerrero (2005) note that, in the world of mathematics, this concept of attitude has been employed with a definition that is not as clear as the one used in Psychology, as a predisposition with an emotional charge that directs and/or influences behavior; a definition that underlines three basic components of attitudes: cognition or beliefs about the target of the attitude, affect or the evaluative charge of such beliefs, and a behavioral intention toward the attitude.
Nevertheless, with regard to mathematics, we can distinguish mathematical attitudes and attitudes towards mathematics. Attitudes towards mathematics refer to the valuation, the appraisal, and the enjoyment of this discipline, underlining the affective facet more than the cognitive one. Mathematical attitudes, in contrast, refer to the way one uses general capacities that are relevant for mathematics (such as mental openness, flexibility when seeking solutions to a problem, reflective thinking), aspects which are all more closely related to cognition than to affect.
With regard to attitudes towards mathematics, their transcendence in the process of teaching-learning and in students' mathematical performance is well known (Miñano & Castejón, 2011; Miranda, 2012; Sakiz, Pape, & Hoy, 2012) . The influence of positive attitudes towards mathematics on anxiety is also well established (Akin & Kurbanoglu, 2011) . In this regard, some works have found that students with better attitudes towards mathematics have higher perceptions of the utility of mathematics, denoting intrinsic motivation towards their study (Perry, 2011) , they have a better mathematical self-concept (Hidalgo, Maroto, & Palacios, 2005) , are more confident they can learn mathematics (McLeod, 1992) and, especially, they display approach behaviors towards mathematics (Fennema & Sherman, 1976 ).
Due to their importance, attempts to measure attitudes towards mathematics appear early on, and the works of Aiken (Aiken, 1972 (Aiken, , 1974 (Aiken, , 1979 Aiken & Dreger, 1961) , with the contributions of Dutton and Blum (1968) , are pioneer in this topic.
In one of the first measurement instruments of these attitudes, Aiken and Dreger (1961) prepared a questionnaire made up of 20 items with two subscales: Pleasure and Fear of Mathematics. As these dimensions can be considered the extreme poles of the same continuum, some authors have considered it a unidimensional scale (Auzmendi, 1992) . In a later version, Aiken (1972) introduced the factor Enjoyment of Mathematics. Two years later, the same author (Aiken, 1974) presented what is no doubt one of the most frequently used scales in the measure of attitudes towards mathematics, comprised of two subscales: the Value of Mathematics scale and the Enjoyment of Mathematics scale. In a later version, Aiken (1979) There have been numerous adaptations of these scales (Aiken, 1974 (Aiken, , 1979 , coinciding with the original reliability values and with the factor structure of the four subscales.
The scale of Fennema and Sherman (1976) is, in the words of Tapia and Marsh (2004) , the most popular measure of attitudes towards mathematics of the last three decades. The origin of this scale lies in the study of differences between men and women in their attitudes towards mathematics as well as their influence on performance. This scale has been the object of extensive studies and it has been translated into various languages, and modified for application in different situations.
The contribution of Tapia and Marsh (2004) Among the most recent contributions in English, we underline the work of Kadijevich (2008) , from the TIMSS-2003 report, as well as those of Tahara, Ismailb, Zamanic, and Adnand (2010) . Adelson and McCoach (2011) prepared a scale of attitudes towards mathematics for primary education students, which they called The Math and Me Survey and which, after the preliminary analyses, presented two factors related to the perception of efficacy and enjoyment of mathematics.
The adaptations to Spanish of the scales of Aiken (1974) and of Fennema and Sherman (1976) , as well as the later ones of Tapia and Marsh (2004) are scarce and generally not oriented toward psychometric analysis. Such is the case of the adaptation of Cazorla, Silva, Vendramini, and Brito (1999) of the scale of Aiken (1974) based on a prior Portuguese scale of Brito (1998) , for the study attitudes towards statistics; the scales of Quiles (1993) , which attempt to relate attitudes towards mathematics and academic performance; the more modern scale of Estrada and Díez-Palomar (2011) , focused on the mathematical education of relatives; or the scale of González-Pienda, Fernández-Cueli, García, Suárez, Fernández, Tuero-Herrero, and Helena da Silva (2012), aimed at determining differences in the mathematical attitudes of men and women. This lack of adaptations to Spanish was noted in the early works of Gairín (1990) and more recently by Muñoz and Mato (2008, who also mentioned the inexistence of adaptations of these scales in our context.
As mentioned, the work of Gairín (1990) can be considered pioneer in the measure of attitudes towards mathematics in the Spanish language. In this work, the author mentions the need for an instrument to measure attitudes towards mathematics in Spanish because, at that time, all the known scales originally proceeded from the Anglo Saxon world. Among the author's proposals is his verbal scale made up of 22 items rated on a Likert scale, with three dimensions related to enjoyment of mathematics, utility of mathematics, and confidence-anxiety towards mathematics. The reliability indexes of these three factors, obtained with the test-retest technique, showed correlations ranging from .77 to .93 in the time interval, and the reliability of the entire scale was .84. Auzmendi (1992) designed what is clearly the scale of attitudes towards mathematics that is the most cited of those created in Spanish. As in Gairín (1990) , the author justifies the elaboration of a new scale on the basis of the lack of this kind of instruments in Spanish. The final test has 25 items that, after the corresponding factor analyses, present five main components: Feelings of Anxiety and Fear towards mathematics manifested by the student, Liking-Enjoyment of Mathematics, Utility of Mathematics, and Motivation and Confidence. Cronbach's alpha of these scales ranges between .91 for the Anxiety scale, and the lower value of .49 for the Confidence scale. The validation sample was made up of 1,221 secondary and high school students.
As instruments equally distant in terms of time, we note the contributions of Escudero and Vallejo (1999) who prepared an instrument to measure attitudes towards mathematics using a total of 18 items related to enjoyment, utility, and motivation. One year before, Bazán and Sotero (1998) had prepared the "Escala de Actitudes hacia las Matemáticas" (in English, Attitudes towards Mathematics Scale; EAHM-V), made up of 31 items divided into four dimensions: Affect, Applicability, Reliability, and Anxiety. The scale was aimed at measuring the attitudes of students who had just entered the university, and obtained a reliability of .90 for the total scale in a sample of 256 university students.
In recent years, new proposals have been made, among which are notable the contributions of Muñoz and Mato (2008) and of Alemany and Lara (2010) . Muñoz and Mato (2008) presented a scale of attitudes towards mathematics, designed using a sample of 1,220 secondary education students. The final questionnaire had 19 items that, after the corresponding factor analysis, presented two factors: Teacher's Attitude as perceived by the student and Enjoyment-Utility of Mathematics. The final version had a reliability of .97. Lastly, we note the contribution of Alemany and Lara (2010) , who designed and validated a new scale of attitudes towards mathematics for secondary students, made up of 37 items. A differentiating element of this work is that the validation sample was made up of students of Berber ethnic origin and it was prepared both in Spanish and in the Tamazight language. The final version obtained a Cronbach's alpha of .92 in a sample of 236 students from second and third grade of secondary education.
In summary, the different scales of attitudes towards mathematics, both in English and in Spanish, generally present adequate reliability indexes if the limitations of the Cronbach alpha coefficient to assess reliability are not taken into account (see our comment in the section 'Evidence of reliability and internal consistency'). Nevertheless, the disparity of the subscales hinders reaching a coherent-or at least a unifiedinterpretation of the construct of attitudes towards mathematics. In a large number of these scales, at least in the Spanish versions, the psychometric values were obtained from small samples, and mostly from students in Compulsory Secondary Education.
In the following paragraphs, we will present a multidimensional scale of attitudes towards mathematics with items taken from the corresponding references adapted to our current historical-cultural setting, with a very large sample of primary, secondary, and high school students, and with psychometric values obtained from the proposals of the classical test theory, the structural equation models (measurement model), and the item response theory (Hambleton, Swa-minathan, & Rogers, 1991; Samejima, 1969 Samejima, , 2010 .
Method Participants
The study was carried out with a sample of 4,807 students from 14 public, private, and subsidized schools and institutes from Spanish provinces. Of the 14 participant centers, 3 were from Segovia (25%), 3 from Ávila (8% of the student body), 3 from Soria (10%), 2 from Valladolid (40%), and 3 from Zamora (17%). Two of these centers were private and/or subsidized schools or institutes. The data from these centers was collected in all the trajectories of the selected courses. Of the participants, 67% studied in schools located in province capitals, and the remaining 34% in rural areas. The participant schools were selected by means of stratified random sampling, taking the geographical area, the educational level, and the official status of the center as selection stratum. Participants' mean age was 14 years, ranging from 11 to 23 years. Distribution by educational levels is shown in Table  1 . Of the participants, 53% were male and 47% were female. Their grades in mathematics had a normal distribution with a mean value of 5.62 (SD = 1.95). 
Variables and instruments
To construct the Escala de Actitudes hacia las Matemáti-cas (EAM; in English, the Scale of Attitudes towards Mathematics), we drew from the works reviewed in the previous section that present five generalized factors: liking-enjoyment of mathematics, anxiety towards mathematics, perception of difficulty, perceived utility, and mathematical self-concept were the thematic fields chosen to prepare the initial items of the test.
First, a broad set of questions related to these five factors was designed. To assess the factors associated with liking or enjoyment of mathematics the Enjoyment of Mathematics subscale of Aiken (1974) and the Liking scale of Fennema and Sherman (1976) was used. To select the questions related to anxiety towards mathematics, we drew from the works of Richardson and Suinn (1972) . To measure the perception of difficulty of mathematics, we drew from the previously cited works of Aiken (1974) and Fennema and Sherman (1976) . The questions of the factor of perception of utility of mathematics were developed based on the proposals of Aiken (1974) and Fennema and Sherman (1976) . The design of the questions related to the perception of efficacy and/or competence in mathematics (mathematical self-concept) was based on prior works in this type of measurement instruments such as those of Pietsch, Walker, and Chapman (2003) .
All these questions were assessed by experts in Didactics of Mathematics. Through these assessments, the most pertinent questions due to their relevance (the items must be clearly related to the object of study) and clarity (simple, easily understood statements) were selected. A pilot study on a small sample with this selection was carried out. After the elimination and/or selection of the most adequate items, we prepared the final scale made up of a total of 37 questions, which are presented grouped by factors in Table 3 . In this final scale, all the items are rated according to the degree of agreement with the statement on a 5-point Likert-type scale (values ranging from 0 to 4).
Procedure
The scales were administered by the authors and collaborating teachers during the academic courses 2009/2010, 2010/2011 and 2011/2012 . The scales were anonymous and completed by the subjects of the sample in the presence of the teacher and/or collaborator. Before collecting the data, both the parents' informed consent and the authorization of the headmasters of the schools were obtained.
Results

Exploratory factor analysis
T h e o r i g i n a l s a m p l e (n = 4,741) was divided into two randomly extracted subsamples (n1 = 2,371 and n2 = 2,370). The first one was used to carry out the exploratory factor analysis (EFA) and the second was used as a validation sample for the confirmatory factor analysis (CFA) and for the analyses based on the item response theory, described below. Three items were eliminated ("I am happier about getting a 10 in mathematics than in any other subject", "My parents are more concerned about my outcomes and grades" and "When I have trouble with mathematics, I usually ask for help from my family") because they presented corrected homogeneity indexes lower than .20. The distributions of the variables age and sex were similar in both subsamples. The standardized Pearson residuals ranged from -1.09 to 1.03, and the model [AGE, SAM-PLE] [SEX] was nonsignificant (χ 2 (15) = 11.859, p = .690), so the hypothesis of equivalent subsamples was accepted.
Exploratory factor analysis was carried out with the SAS, v. 9.2 program. When determining the factor structure of the EAM, we used two extraction procedures (Principal Axis Factoring, PAF, and Maximum Likelihood, ML) to verify whether both methods obtained comparable results. Both analyses were carried out on the polychoric correlation matrixes, in view of the ordinal nature of the input data. The adequacy of the input data was confirmed by means of Bartlett's sphericity test, the KMO index, and the matrix determinant (Table 3).
Both the pattern matrix and the structure matrix obtained similar results in the first subsample; the items presented a practically identical loading distribution in the different factors. This similarity was corroborated by means of the Pearson correlations and the congruence coefficients. Table 2 shows that the Pearson correlations reached a mean of .991, ranging from .982 to .996. The congruence coefficients calculated from the pattern matrix loadings ranged from .987 to .997 (exceeding the limit of .95, habitually considered acceptable for this type of analysis). Similar results were obtained when comparing the matrixes of the two random subsamples using the PAF extraction method. The Pearson correlation coefficients ranged from .901 to .986, and the congruence coefficients from .955 to .997.
PROMAX oblique rotation was used, because prior research indicated that the dimensions of anxiety towards mathematics are correlated (e.g., Pajares & Miller, 1994) . The results of the EFA presented in the following paragraphs correspond to the PAF extraction method, in view of the more 'classical' nature of this method compared to the ML method (Pett, Lackey, & Sullivan, 2003, p. 103) .
To determine the number of factors to retain, various criteria into account were taken: the Kaiser-Gutman rule, Cattell's screetest and parallel analysis. The Kaiser-Guttman rule (Eigenvalues higher than 1.00) suggested retaining five factors, as did the results of the scree-test. However, we decided to disregard this recommendation because both methods usually lead to overfactorization; in fact, the fifth factor presented an Eigenvalue of only 1.10, it explains less than 3% of the common variance, and only includes two items in a dimension that could be called Learned helplessness ("Except for a few cases, no matter how much effort I put out, I cannot understand mathematics" and "No matter what I do, I always get low grades in mathematics"). As the five-factor structure is not statistically justifiable, an optimized parallel analysis (Timmerman & Lorenzo-Seva, 2011) was conducted by comparing the Eigenvalues obtained through analysis with the randomly generated Eigenvalues of 1000 subsamples obtained from the original sample. This analysis is currently considered the most adequate to make decisions about the number of factors to retain (Hayton, Allen, & Scarpello, 2004) . As of the fourth factor, the magnitude of the randomly generated Eigenvalues exceeded that of the Eigenvalues obtained through the analysis, so we decided to retain the four-factor solution.
In accordance with the conventional criteria in this type of analysis, there were three item-retention criteria: (a) the item loading on the main factor should at least reach the value of .40; (b) the loading on the remaining factors should not exceed the value of .35; and (c) the difference between the loading on the main factor and the loadings on the remaining factors should exceed .15. As seen in Table 3 , all the items met the first criterion. The second criterion was not met by Items 5 ("When I study mathematics I am more uncomfortable than with other subjects"), 23 ("I have no idea what mathematics are about"), 4 ("I want to learn mathematics"), and 33 ("I'm good at mathematics"). These items presented crossloadings, so it seems that they could be confusing for the students, or their content could not be clearly ascribed to the factors considered. In addition to these items, Item 18 ("Mathematics is one of the most important subjects for my professional future") did not meet the third criterion. Thus, these five items were eliminated from further analysis, and the final version of the scale was made up of 32 items.
The first factor (Perception of Mathematical Incompetence) is made up of 12 items and explains 43.2% of the common variance. It includes items related to the perception of inability, awkwardness, confusion, difficulty and expectations of failure. This factor was present in the first works of Fennema and Sherman (1976) and Sandman (1980) as well as in the more recent ones of Kadijevich (2008) , Tahara et al. (2010) and Adelson and McCoach (2011) , with a marked negative valence in the attitude towards mathematics.
The second factor (Enjoyment of Mathematics) is made up of 12 items and explains 7.5% of the common variance. The items refer to the positive emotions evoked by the study of mathematics, perception of ease and comfort when solving mathematical problems. As before, this factor was present in the first scales of attitudes (Aiken & Dreger, 1961; Aiken, 1972 Aiken, , 1974 Aiken, , 1979 as well as in the more modern ones of Tapia and March (2004) , Adelson and McCoach (2011) , and Muñoz and Mato (2008) . In all cases, the positive nature of the factor, associated with enjoyment of mathematics and liking its study, is mentioned.
The third factor (Perception of Utility) is made up of 4 items and explains 4.9% of the common variance. The content of the items refers to the utility of and need for mathematics. This same factor was found in the contributions of Fennema and Sherman (1976) , Aiken (1972 Aiken ( , 1974 Aiken ( , 1979 , Tapia and March (2004) , Sandman (1980) , Tahara et al. (2010) , Kadijevich (2008) , Adelson and McCoach (2011) and Auzmendi (1992) .
The fourth factor (Mathematical Self-concept) includes 4 items and explains 4.2% of the common variance. The items refer to the student's self-concept as being skilled and capable of studying mathematics. As a specific factor of the scales of attitudes towards mathematics, it can be found in the works of Fennema and Sherman (1976) , Tapia and Marsh (2004) , and Alemany and Lara (2010) .
Evidence of reliability and internal consistency
Although Cronbach's alpha coefficient is historically the most used in the literature on psychological research to assess reliability, it has recently been seriously questioned, as it is not related to the internal structure of the test, given the item covariance matrix and the habitual assumptions about measurement errors, and it cannot be stated that alpha measures internal consistency or unidimensionalality (e.g., see Sijtsma, 2009 ). An alternative is the calculation of composite reliability based on the loadings and measurement errors (this coefficient is provided in the section on CFA), the ordinal alpha coefficient (if a factor analysis model is assumed) or the ordinal theta coefficient (if a principal component analysis model is assumed), the Omega coefficient of McDonald, and the greatest lower bound (glb).
Therefore, internal consistency was estimated by calculating the ordinal modality of the Cronbach's alpha and theta coefficients (Zumbo, Gadermann, & Zeisser, 2007) of the subscales (with the corresponding 95% confidence intervals). To determine the internal consistency of the global scale, we calculated the stratified alpha coefficient (to correct alpha's underestimation of internal consistency when a scale contains intercorrelated factors), as well as the Ω and glb coefficients. The Ω coefficient can be interpreted as the squared correlation between the scale score and the latent variable common to all the indicators, or 'universe' of indictors, of which the items of the scale are a subset (McDonald, 1999) , while glb represents the smallest possible reliability given the observed covariance matrix of the items, under the restriction that the sum of the error variances is maximized for the errors that present r = 0 with the rest of the variables (Ten Berge, Snijders, & Zegers, 1981) . This information is presented in Table 4 , which shows sufficient evidence of reliability for the individual factors and the global scale. Note. α ORD = Ordinal Cronbach's Alpha; Ω = McDonald's Omega; glb = greatest lower bound to reliability.
Confirmatory factor analysis
On the basis of the results obtained in the exploratory factor analysis, we conducted CFA on the second subsample (N = 2370).
The analysis was carried out on the 32 items retained according to the results of the EFA. The following six models were tested: unifactorial (M1), four correlated factors (M2), hierarchical, with four first-order factors and one second-order factor (M3), three correlated factors (M4), exploratory structural equation modeling (ESEM; M5), and bifactor model (M6). The ESEM models are a recent derivation of the measurement models, estimated with CFA but without the restriction that the factors on which an item does not load must have a regression coefficient equal to zero. In this sense, they are an integration of the exploratory and confirmatory models (Morin, Marsh, & Nagengast, 2013) . The bifactor models include regression coefficients of the items from the individual factors and from a general factor (e.g., see Reise, Morizot, & Hays, 2007) . The BI-GEOMIN rotation methodoblique rotation in which the specific factors are correlated with each other and with the general factor (Muthén & Muthén, 2013) was used.
Two programs were used to estimate the parameters: LISREL, v. 9.1 for the first four models and MPlus v. 7.1 (Muthén & Muthén, 2013) for the last two because the current configuration of LISREL does not allow the estimation of ESEM or bifactor models.
In models M1, M2, M3, and M4, the asymptotic covariance and variance-covariance matrixes 1 were used as input data and, as estimation method, DWLS due to the ordinal nature of the input data (Edwards, Wirth, Houts, & Xi, 2012; Hu & Bentler, 1999) . Models M5 and M6 were estimated using the polychoric correlations matrix with the robust maximum likelihood method. For M5 (ESEM), the GEOMIN oblique rotation method was used. In Table 5 the fit indexes according to the different models are presented.
As seen in Table 5 , the models with the best fit were M2 (four correlated factors) and M5 (ESEM). The root mean square error of approximation (RMSEA) value was adequate in both models, as was standardized root mean square residual (SRMR). However, the CFI and TLI fit indexes were better in the M2 model, so this model was chosen for the final version of the scale. It was also checked the possible presence of a method effect associated with the negatively worded items (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003) . It was ruled out that these items share an unexplained common variance or a variance related to their respective latent variables, but associated with their negative wording. All the nonstandardized regression coefficients were statistically significant, with t values ranging from 17.54 to 73.10. The standardized coefficients ranged from .3 to .9: the smallest (λ x = .498) corresponded to Item 37 ("I am good at mental calculation") and the largest (λ x = .879) corresponded to Item 1 ("I like mathematics"). Table 6 presents the values of average variance extracted (AVE), construct reliability, and McDonald's omega coefficients corresponding to the four correlated factors model. The factor Mathematical Self-concept obtained the lowest standardized regression coefficients (M = .630) and the Enjoyment of Mathematics factor obtained the highest (M = .753). The intermediate magnitudes corresponded to the factors Perception of Mathematical Incompetence (M = .734) and Perception of Utility (M = .681). It is consequently concluded that the scale provides sufficient evidence of reliability. 
Calibration of the EAM
We conducted an analysis of the EAM by means of the graded response model (GRM, Samejima, 1969 Samejima, , 2010 , after performing the necessary confirmation of unidimensionality and local independence of each one of the four subscales. Summing up, the results revealed that: (a) all the α i discrimination parameters were adequate according to the classification of Baker (2001) , including a range of 1.06 to 3.36; 6 of them were moderate (from 0.65 to 1.34), 5 were high (from 1.35 to 1.69), and 21 were very high (higher than 1.7); (b) the standard errors of the α i parameters were very low, with a range of .04 to .13; (c) the order of all the β ik localization parameters corresponded with our expectations for the model because the thresholds were never disordered; (d) the ranges of the β ik parameters were similar in the four subscales (4.41 in Perception of Mathematical Incompetence, 4.39 in Enjoyment of Mathematics, 4.33 in Perception of Utility and 5.10 in Mathematical Self-concept), showing that they cover an extensive range of the latent variables measured; (e) the range of the standard errors of the β ik parameters was always very low: from .02 to .09 for the first factor, from .02 to .06 for the second, from .01 to .12 for the third, and from .02 to .08 for the fourth; (f) all four dimensions presented an adequate global fit, as convergence was reached at less than 50 iterations in all cases, the standard errors and the M 2 values were reduced and the RMSEA values were lower than .06; (g) analysis of the individual fit of the items, calculated by means of the SAS macro IRTFIT (Bjorner, Smith, Stone, & Sun, 2007) produced G 2 and χ 2 values with pvalues higher than .05 in all items; (h) the invariance of the parameters with two randomly extracted subsamples (n1 = 1185, n2 = 1185) were confirmed after rerunning the complete estimation process of the α i and β ik parameters on each sample; and (i) none of the items presented a uniform differential item functioning (DIF) according to the results of the contrast method of Benjamini-Hochberg (D. Thissen, personal communication, January 20, 2012) . These results provide solid support for the adequacy of the EAM as a measure of attitudes towards mathematics.
Validity evidence
The evidence of content validity of the EAM, understood as the correspondence between the sample of indicators used and the domain one wishes to measure, as well as the representativeness, relevance, and technical quality of the items, is partially supported by the bibliographic review carried out (the individual items and the domains or dimensions both correspond, to a great extent, to those found in prior research) and by the discriminatory power of the items, as confirmed by the α i parameters in the analysis of the GRM model.
The evidence of construct validity is sufficiently supported by the results of the analyses of the internal structure of the EAM, explained in the sections of confirmatory factor analysis and calibration of the scale through GRM.
The evidence of convergent validity of the measurement model can be established by means of the magnitude, direction, and statistical significance of the regression coefficients (Hair, Black, Babin, & Anderson, 2010) . Firstly, all the coefficients were significantly different from zero, as indicated by the associated t values (all higher than 3.29, denoting a value of p < .001). Secondly, they were all higher than .50 (20 of them were higher than .70, and none exceeded the value of .90, which could indicate the presence of multicolinearity). Thirdly, all the coefficients were positive, according to our expectations for the model. Fourthly, the values of AVE (see Table 6 ) were acceptable in Factors 1 (Perception of Mathematical Incompetence), 2 (Enjoyment of Mathematics), and 3 (Perception of Utility) as well as in the total scale. The value obtained for Factor 4 (Mathematical Selfconcept) was somewhat questionable, although it approached the recommended value of .50. Lastly, in all cases, the recommended value of .70 for the composite reliability and McDonald's omega coefficients for the assessment of the construct reliability in the first case and of the general loading of the scale in the second (McDonald, 1999) was amply exceeded. Taken conjointly, these results allow us to state that the evidence of convergent validity of the scale is sufficient.
Finally, to determine the evidence of discriminant validity (showing that the measure in each of the constructs assessed is different from the rest), the estimations of the AVE of each factor were compared with the associated squared interconstruct correlations. As can be observed in Table 7, except for that of the factor Mathematical Self-concept-which was only slightly lower than the squared correlation between Factors 1 and 4-all the AVE estimations were higher than the squared correlations between the factors, providing evidence of the discriminant validity of the instrument.
Discussion
Attitudes towards mathematics are currently an area of great value for research within what is known as the affective domain in mathematics. Their importance is obvious due to the large number of studies dedicated to their conceptualization and measurement and to the range of topics to which they have been related. Although, as a rule, there has been much disparity in the attempts to measure these attitudes, some important common points have also emerged, especially concerning the factor structure of the construct attitudes towards mathematics. Specifically, liking or enjoyment of mathematics, the valueutility granted to the discipline, perception of self-efficacy, and mathematical anxiety have been present in an important part of the research on this topic.
This study had the goal of contributing to the clarification of the internal structure of the construct 'attitudes towards mathematics' by elaborating a measurement scale with solid psychometric properties. To our knowledge, this is the first instrument that was analyzed and calibrated in two very large random subsamples (more than 2,000 participants each one), extracted in turn from a probabilistic sample. It is also among the very few investigations that have used models from the framework of the item response theory to calibrate the measuring instrument and which provides evidence of statistical reliability based on the ordinal nature of the data. The scale has shown sufficient evidence of validity and reliability. Such evidence, along with the guarantee of having been obtained from a very large sample (with the guarantees of statistical power and decrease of measurement error) in which all the non-university educational levels are represented, allows us to conclude that this Scale of Attitudes towards Mathematics is solid and robust, and is of great potential utility for non-university educational levels.
Attitudes towards mathematics, especially the self-perception of mathematical competence and enjoyment of mathematics, are no doubt areas of great interest for researchers in education, educational psychologists, and school counselors, especially at times of transition (e.g., from Primary to Compulsory Secondary Education or from High School to University). In this sense, the EAM could contribute to furthering our understanding of the conceptual and empirical bases of attitudes towards mathematics in young students, before their admittance to university.
It is quick and easy to administer and allows identification of students with low scores on the scale (especially worrisome are students who obtain low scores on the factors Mathematical Incompetence and Mathematical Self-concept) and designing of actions to improve both attitudes and competence. It could also be useful in the case of students with sufficient mathematical skills but who show poor attitudes, perhaps due to problems with self-concept or because they compare themselves with more skilled students. It could also detect students with poor attitudes who are at risk of behavior problems in the mathematics class. Lastly, it could be interesting for teachers to assess the initial attitudes (at the beginning of the school term) and to confirm whether they vary (in successive applications of the EAM) over the term, that is, whether the school setting has a positive or negative effect on these students' self-perception and enjoyment of mathematics.
This study also presents some weak points that could, in turn, become future pathways for research in this field.
For example, to avoid overextending this work, in this study, the reliability of the scale was limited to analysis of internal consistency and the standard error of measurement. In the future, it should be complemented with other evidence of reliability, especially with regard to the temporal stability of the scores.
Concerning validity, other evidence of validity, especially external, consequential, and nomological validity, should be investigated. The evidence of external validity should be studied in the dual sense of generalizability (the extent to which the scores and interpretation can be generalized to groups of populations, situations, and tasks) and the relation between attitudes and performance and interest in mathematics (e.g., how self-perceptions, enjoyment of mathematics, and the perception of its utility influence performance and the choice of studies based on mathematics). It is also recommended to study the validity of the instrument with reference to consequential aspects (e.g., evidence-based potential and real consequences of using the scale) (Messick, 1995) , and its nomological validity (the extent to which the EAM predicts other concepts from the theoretical model on which it is based).
It would also be interesting to investigate the possible variations of attitudes towards mathematics (e.g., by means of the analysis of structured means modeling) as a function of sex, intellectual level, ethnic group, educational level, teachers' evaluation, or students' performance in mathematics and in other disciplines of the curriculum, as well as to examine whether such attitudes are stable over time or whether they can be changed at the mid or long term by implementing programs of sensitization and improvement.
Lastly, the fact that internal consistency assessed by means of the ordinal alpha coefficient was found to be higher in the factor Enjoyment of Mathematics than in the remaining factors poses the question of the extent to which contextual factors (e.g., teachers' instructional competence, the design of the curriculum, or the teaching methods) may affect students' attitudes towards mathematics. Research of these aspects could be an important contribution to improve teaching practices of this discipline. 
